A modification of the peroxidase-labelled antibody technique was applied to study the distribution of virus antigens in chicken cells infected with two serotypes (A and B) of avian leukosis virus (ALV). Type-specific chicken antisera reacted only with cells infected with virus of the homologous envelope serotype. When unfixed cells were exposed to type-specific antivirus serum, only antigens located at the cell surface were stained, while cells exposed to type-specific antibodies after fixation revealed both surface and intracytoplasmic virus antigen. Cytoplasmic antigen was usually concentrated in discrete granules which often had a vesicular structure.
INTRODUCTION
lmmunofluorescence has been applied with success to studies of RNA tumour viruses (Fink & Malmgren, 1963; Klein & Klein, I964; Vogt & Lukyx, I963; Vogt & Rubin, I96I) but little progress has been made in the application of immunohistochemistry to electron microscopy of these agents. Attempts in this laboratory to use ferfitin-labelled antibodies in fine structural studies of avian leukosis were frustrated by intractable nonspecific reactions. We turned, therefore, to enzyme-antibody complexes, which offer many advantages, the most important being that the same reagents may be used for both light and electron microscopy, so that problems of specificity may be dealt with more readily. Light micro-I50 R.M. DOUGHERTY, A. A. MARUCCI AND H. S. DISTEFANO scopy with enzyme-antibody complexes proved to be more sensitive in detection of virus antigens than fluorescein-labelled antibodies. This was most convincingly shown by the fact that chicken antibodies to the group-specific (gs) antigens of avian leukosis virus (ALV) were detected with ease, while the fluorescent antibody technique failed to demonstrate such antibodies in avian sera (Kelloff & Vogt, 1966) . This paper describes the methodology employed and illustrates the localization of ALV antigens in infected cell cultures.
METHODS

Immunohistochemical procedure
Our studies were based, with minor modification, on the 'unlabelled antibody enzyme method of immunohistochemistry' developed by Sternberger et al. (197o) . The molecular events that take place during this procedure are shown schematically in Fig. I . As used by us, the initial reaction is between virus antigens and antivirus serum from either chickens or hamsters (Fig. I, step I ). The next step is reaction of the antigenic determinants of the bound antivirus immunoglobulin with specific rabbit antiserum, applied in antibody excess. Under these conditions free rabbit antiglobulin binding sites remain unreacted (Fig. I , step 2). The final step involves addition of soluble complexes of peroxidase and antiperoxidase (PAP). The antiperoxidase must be of the same species as the anfivirus serum employed in the initial step, thus, if chicken antivirus serum is used in the first step, then the complex made with chicken antiperoxidase is used; if the first step employs hamster antiserum, then hamster is used. The PAP complex combines with free rabbit antiglobulin valences, resulting in localization of the enzyme at sites of virus antigen (Fig. I, step 3)-The location of the enzyme is then made visible for both light and electron microscopy by histochemical procedures.
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Step 1 Virus Fig. I . Reactions in immunohistochemical procedure.
Antivirus sera. Chicken antisera were obtained from several experiments in which 21 to I2-week-old chickens were injected intravenously with ALV and bled 8 to 16 weeks later. Chickens (purchased from SPAFAS, Incorporated) were from specific pathogen-free flocks and, before immunization, a blood sample was taken and tested to confirm absence of circulating ALV or ALV antibodies. Each antiserum was tested by neutralization test, for antibodies to type-specific virus envelope antigens and by complement-fixation inhibition (CFI) (Rice, 1948) for antibodies to group-specific virus antigens. The results reported were obtained with four chicken antisera (Table I) chosen to illustrate reactions from a total of 46 antisera.
Hamster antivirus sera were obtained by subcutaneous injection of hamsters with the SCHMIOT-RUPPIN strain of Rous sarcoma virus (RSV). Animals with Rous sarcomas were bled at 3 months of age and sera were tested for ALV group-specific antibodies by comple-
Immunohistochemistry of avian leukosis virus
15 I ment fixation (CF) and immunodiffusion (Roth & Dougherty, 1969) . A pool of IO hamster sera with a CF titre of ~/62o was employed in these studies. A 1:2 dilution of this serum pool did not detectably neutralize SR-RSV and thus was free of antibodies to the typespecific virus envelope antigen. A purified IgG fraction of this hamster antiserum pool (Benedict, I967) was used in some experiments.
Rabbit antiglobulins. Rabbits were hyperimmunized with salt-fractionated preparations of either chicken or hamster globulins. The sera used in these studies gave at least four lines on diffusion in agar against the antigen used for immunization.
Chicken antiperoxidase. Four adult chickens free of ALV antibody were inoculated intramuscularly (i.m.) with 5 rag. of horseradish peroxidase (Miles Laboratories, Grade I) in an equal volume of complete Freund's adjuvant (5 ml./inoculation) on days I and 14.
They were given I mg. of peroxidase in isotonic saline intravenously (i.v.) on day 28 and were bled by cardiac puncture on days 36 and 5 o. Individual sera were stored at -2o °. All sera gave a single precipitin line when reacted in agar against peroxidase.
Hamster antiperoxidase. Twenty young adult hamsters weighing 8o to 85 g. were inoculated i.m. with o'5 mg. of peroxidase in an equal volume of complete Freund's adjuvant (o.2 ml./inoculation) on day I and with o-2 rag. on day I4. On day 28 they were inoculated intraperitoneally with o.I mg. of peroxidase dissolved in isotonic saline (o.2 ml.). Six days later the hamsters were bled and the sera pooled. This antiserum pool gave a single precipitin line on diffusion in agar against peroxidase.
Preparation of chicken peroxidase-antiperoxidase
Soluble PAP complexes were prepared as described by Sternberger et al. (I97O) . Briefly, a washed immune precipitate formed at equivalence between peroxidase and antiperoxidase was dissociated at low pH in the presence of excess peroxidase. When this mixture was neutralized, soluble PAP complexes were formed. These were isolated from the excess of unbound peroxidase by ammonium sulphate precipitation.
To estimate proportions for equivalence in our system, various quantities of peroxidase were added to o.z ml. amounts of chicken antiserum. After overnight incubation at 2 to 5 ° the immune precipitates were collected by centrifugation and washed once with cold isotonic saline. They were then dissolved by addition of I drop of o.I N-NaOH and diluted to 3"o ml. with water. The protein concentration was estimated from measurements of E~80 in a Beckman DU spectrophotometer. Supernatant fluids from the initial precipitation were analysed by diffusion in agar for excess antigen or antibody. From the results the equivalence proportion for the antiserum was estimated.
A typicalpreparation of chicken peroxidase-antiperoxidase was made as follows. Ten ml. of chicken antiperoxidase was thawed and clarified by filtration with a Millipore fibreglass prefilter. The pre-determined equivalent quantity of peroxidase to be mixed with this serum was 7oo/zg. and this was provided by o'35 ml. of a solution containing 2 mg./ml, of peroxidase. The immune precipitate formed quickly and, after 75 rain. at room temperature with intermittent mixing, was collected by centrifuging at ~5,ooo rev./min. (Spinco no. 3o rotor for 2o min.). The PAP precipitate was a solid gelatinous mass. In order to disperse the precipitate for efficient washing 2 to 3 ml. of saline was added and the suspension was treated for 5 to 15 sec. with the needle probe of a Bronwill 'Biosonic II' sonic oscillator. Twenty-five ml. of cold isotonic saline were added and the precipitate was recentrifuged and washed again as above. The twice-washed precipitate was suspended in 2 ml. of cold isotonic saline and again dispersed by sonic treatment. The suspension was then transferred quantitatively to a 2o ml. beaker held in a bath of crushed ice on a magnetic stirrer, and 3"6 mg. of peroxidase 11-2 was added 0"8 ml. of a solution containing 2 mg.]ml.). Drops of o.2 N-HC1 were added to adjust to pH 2-3. At this pH the precipitate dissolved almost completely. One ml. of pH 7"o acetate buffer (Sternberger et al. I97o ) was added and pH 7"0 was restored by addition of o.1 N-NaOH. The small amount of precipitate which remained was removed by filtration. An equal volume of cold saturated ammonium sulphate was added to this solution and the precipitate allowed to form for I hr at 4 °. The precipitated PAP was collected by centrifuging in a Spinco no. 30 rotor at 2I,OOO rev.]min, for 20 min. The supernatant fluid, which contained uncombined peroxidase, was discarded and the precipitate was suspended in 25 ml. of cold 50 % saturated ammonium sulphate and recentrifuged as above. The pellet was dissolved in 5 ml. of cold saline and dialysed with constant mixing against 20 1. of isotonic saline for 48 hr at 2 to 5 °. During dialysis a voluminous white precipitate formed which was removed by centrifugation. It contained a trace of peroxidase activity and only a small fraction of the total globulin. The final preparation was checked for peroxidase activity (Worthington Biochemical Corp., 1966) and for the presence of chicken globulin by reaction in agar against a potent rabbit antiserum to chicken globulin.
The procedure differed from that described by Sternberger et al. (I97O) in several respects. Sonic treatment was introduced because immune precipitates formed with chicken sera are gelatinous and more difficult to suspend than precipitates formed with mammalian sera. Dialysis of the final ammonium sulphate-precipitated chicken PAP produced a voluminous precipitate, not seen with mammalian immune complexes. We attempted unsuccessfully to eliminate this by substituting isotonic saline for the acetate buffer employed by Sternberger et al. (2970) . We then observed that the precipitate contained little globulin or peroxidase and we assumed that this substance was the coprecipitated protein known to accompany avian immune precipitates (Goodman, Wolfe & Norton, 1951) . Since isotonic saline was serviceable and more convenient than acetate buffer it was retained for the final dialysis and the nonspecific precipitate was discarded.
Hamster PAP was made essentially as described above. In this case no significant precipitate developed during the dialysis.
Viruses and cell culture
Viruses. Two strains of avian leukosis virus (ALV), representing subgroups A and B (Ishizaki & Vogt, 1966) were employed. The subgroup A virus, RAV-I, was isolated from the BRYAN standard strain of RSV by end-point dilution (Rubin & Vogt, t962) . The subgroup B virus, ARC, was clonally selected from a stock preparation of SCnMmT-RUPPIN RSV (Dougherty & Rasmussen, 1964) . Many of the chicken antisera were made against a third strain of ALV, RAV-6, which is a member of subgroup B and was isolated from hARRIS RSV by end-point dilution. Neutralization, interference, and host-range studies indicated that each of the three strains of ALV was free of contamination with ALV of heterologous subgroups.
Preparation of cell cultures. Cell cultures and frozen cell stocks of chicken embryo fibroblasts were prepared from single lo-day embryos (Dougherty & Rasmussen, 2964) . Aliquots of each frozen cell stock were tested to ensure the absence of adventitious viruses and to determine the celt genotype. Only C/O cells (Vogt & Ishizaki, I965) free of endogenous gs antigen (Dougherty & DiStefano, 1966) were employed. Second or third passage cells were thawed and planted in 4 ml. of growth medium, 2 x lO 5 cells/ml, in plastic 50 mm. Petri dishes, each of which contained three coverglasses. Virus diluted in growth medium was immediately added and the cultures were incubated overnight at 37 ° in an atmosphere of 
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COs. The growth medium was removed and replaced with 8 ml. of agar medium, and the cultures incubated for 3 or 4 days, by which time a confluent cell sheet had developed on the coverglasses.
Detection of virus antigens
The procedures used were a combination and modification of those of Abelson et aL (~969) and Sternberger et aL (I97o) .
Immunological steps. The agar overlay was softened by soaking cell cultures for approximately I hr with 2 ml. of growth medium. The overlay was then removed and the coverslips containing cell sheets still attached were washed for 3 to 5 rain. in tris-buffered Earle's balanced salt solution (TBE) at pH 7"0. The initial immunological reaction involved application of chicken or hamster antivirus sera to fixed or unfixed cells. For unfixed cells, after the initial wash with TBE, the coverslips with attached cells were placed in a moist chamber and treated with I or 2 drops of chicken or hamster antivirus serum diluted I/~O and 1/20 respectively. After It min. the antiserum was poured off, the cells washed with TBE and fixed for 30 rain. in 4 % formaldehyde buffered with o. I M-phosphate buffer (pH 7"3). The formaldehyde was freshly prepared from para-formaldehyde (Peters & Ashley, 1967) . After fixation, the cells were treated with absolute ethanol at 3 ° for 5 min. and washed with o'I5 M-NaC1 buffered at pH 7"6 with 0-o5 M-tris (TBS).
When the first immunological reaction was to be carried out on fixed ceils, the cell sheets were fixed after the initial wash with TBE, treated with ethanol, and washed as before, prior to treatment with chicken or hamster antivirus serum diluted i/2o. After It min. these antisera were poured off and the cells washed with TBS.
Procedures were now identical for both initially fixed cells and those first treated with chicken or hamster antivirus sera and then fixed. The coverslips with attached cell sheets were again placed in a moist chamber and reacted with i or 2 drops of undiluted rabbit antichicken globulin or rabbit antihamster globulin. After It min. the serum was removed, the cells washed with TBS, and returned to the moist chamber for the final immunological step. This involved treatment for IO min. with I or 2 drops of either undiluted chicken PAP or hamster PAP diluted I/rot. After this reaction the PAP was removed, the cells washed as before, refixed for 3 ° to 45 rain. with a 2 % solution of glutaraldehyde in o. ~ M phosphate buffer (pH 7"3), and washed with the o.I M phosphate buffer.
Histochemical procedure. For development of the peroxidase reaction (Graham & Karnovsky, t966) a saturated solution of 3,3'-diaminobenzidine tetrahydrochloride (free base) in o'o5 M-tris-HC1 buffer (pH 7"6), with o.oI % H20~ was used as substrate and the enzymic reaction was allowed to proceed for IO to 2o min. at room temperature. The cells were then washed with o.r M-phosphate buffer, treated for approximately 45 min. with a 1% solution of OsO4 in o-T M-phosphate buffer, and washed again with phosphate buffer. Cells attached to the coverslips were dehydrated in a graded ethanol series, cleared in several changes of xylene, and mounted permanently, on glass slides. The procedure is summarized in Fig. 2 .
RESULTS
Specificity and potency of reagents
Undiluted chicken or hamster serum-gave nonspecific staining, which was eliminated by dilution. Most high activity antivirus sera of either species could be diluted I/5o or more to give specific staining. Sera were routinely diluted I/Io'or I/2O. A few chicken sera gave 'nonspecific' reactions at I/2o or greater. These reactions were seen with uninfected cells from embryos free of endogenous ALV group-specific antigen, and were observed with a few antisera from congenitally infected chickens known to be immunologically tolerant to both type-and group-specific ALV antigens (Roth, Meyers & Dougherty, I971) . We believe that these reactions were unrelated to ALV and related to chicken isoantigen systems. It is important that chicken cells and antisera be selected to avoid this complication.
The peroxidase-antiperoxidase reagents from either chicken or hamster were highly specific. These reagents did not adsorb to fixed or unfixed, infected or control chicken cells, and if either of the first two steps in the procedure outlined in Fig. I (antivirus serum or rabbit antiglobulin) was eliminated, application of undiluted PAP of either species gave no detectable reaction product.
The hamster PAP was an extremely potent reagent, which gave detectable staining when diluted I/5OO. Since undiluted hamster PAP failed to give nonspecific staining, the ratio of specific to nonspecific reactions was > 5oo. We are not aware that any fluorescein-labelled RSV(RAV-I) RSV(RAV-6) inhibitiont RAV-I (A) 4'z < I < 2 RAV-I (A) 4"2 < I 8 RAV-6 (B) < I 3"6 < 2 ARC (B) < I 3"4 3 2 * NDs0 is the serum dilution for 50 % reduction of RSV foci from an initial virus concentration of Iooo focus-forming units/ml. t Reciprocal of highest dilution of chicken serum that prevented complement fixation with 4 CF units of hamster gs antibody against 4 CF units of ALV gs antigen. reagent or test approaches this degree of specificity. In practice hamster PAP was diluted I/rot and chicken PAP was undiluted. The latter was retrieved from the coverslips and re-used twice before potency was reduced significantly.
Osmium staining of the developed reaction product was not necessary for detection of the reaction by light microscopy. However, osmium enhanced the intensity of staining and did give faint colour to unreacted cells which otherwise were of very low contrast and unsuitable for photography.
Type-specific reactions with unfixed cells
Many chicken antisera against avian leukosis viruses are exclusively specific for the homologous envelope serotype in neutralization tests, and they do not contain gs antibodies detectable by complement-fixation inhibition (Roth et al. I970 . Of two such antisera (Table I) , serum no. ~648 contained only type A antibodies and serum no. 2570 only type B; neither contained complement-fixation inhibition antibodies. These antisera remained exclusively type-specific when tested by the peroxidase antibody method (Fig. 3 and 4) When the type-specific antivirus sera were applied before fixation, antibody was localized at the cell surface and only cells infected with homologous virus were stained (Fig. 3) . The distribution of antigen was different for the two strains of virus employed. With RAV-I (Fig. 3 a) the antigen was in large densely-stained clumps, irregularly distributed over the cell surface, and often detached from the cell. With ARC (Fig. 3d) , antigen frequently formed a long, regular, unbroken covering on the cell envelope and free flakes of antigen were seen less often. No stain developed in the heterologous reactions (Fig. 3 b and 3 c) or with uninfected cells (not shown). These results resemble those found with fluorescent antibody staining of unfixed cells infected with ALV (Vogt & Lukyx, I963) .
Type-specific reactions with fixed cells
When ALV-infected cells were first fixed and then exposed to type-specific antivirus serum, virus antigens in the cell cytoplasm were stained along with antigens located at the plasmalemma, and both the surface and cytoplasmic reactions were specific for virus envelope serotype (Fig. 4) . The distribution of surface antigen was similar to that for unfixed ceils and again there were differences between the two virus strains. With RAV-I infected cells (Fig. 4a) , cytoplasmic staining was less frequent and less intense than in cells infected with ARC (Fig. 4d) . This difference was observed with a number of antisera and thus was a function of the virus rather than of the antiserum. With both strains of virus, the intra- cytoplasmic antigen was often concentrated in granules (Fig. 4d ) that were sometimes vesicular in appearance (Fig. 4a ). This distribution of cytoplasmic ALV antigen has not been described by those using fluorescent antibody. The difference may be due to methods of fixation, but we believe that a superior resolution of the peroxidase antibody technique revealed more structural detail. There was no discernible heterologous staining ( Fig. 4b  and 4c ) and uninfected cells were not stained (not shown).
Group-specific reactions with hamster antisera
Immunofluorescent staining of ALV gs antigen has presented special problems. Thus, it was reported that prolonged exposure to fluorescent antibody was required to stain gs antigen with hamster or rabbit antisera (Kelloff & Vogt, I966) and that a heat-labile serum component (complement .9) was required for the reaction (Payne, Solomon & Purchase, I966). No such difficulties were encountered in this study. Heated (56 °, 3o rain.) gs hamster antiserum and purified gs hamster IgG were both effective reagents at dilutions as high as I/5o and our standard Io min. exposure to antivirus serum was employed. Hamster gs antibody reacted strongly with fixed cells that were infected either with type A virus (Fig. 5 a) or with type B virus (Fig. 5 b) . The intensity o f the reaction was comparable to that seen with potent chicken antisera and the distribution o f antigen was similar to that seen with type-specific chicken antisera. Group-specific antigen was located both on the surface and in the cytoplasm of infected cells. The cytoplasmic antigen was often concentrated in granules which were sometimes vesicular (Fig. 5a) . Rarely, cells appeared to contain gs antigen in the nucleus (Fig. 5 b) . Fixed uninfected cells were not stained (Fig. 5 c) , confirming that the antigens involved were virus-specific.
N o detectable reaction occurred when unfixed infected cells were reacted with hamster gs antibody, regardless of virus serotype (Fig. 5 c and 5d ). This indicated that the gs antigen was inaccessible to antibody unless,the virus envelope or the cell envelope was first disrupted by chemical treatment; in this case by formaldehyde followed by ethanol. These results correspond to previous findings with fluorescent antibodies (Kelloff & Vogt, 1966; Payne et al. 1966) and confirm, again, that the gs antigens of A L V are internal virus components. The requirement for prior fixation in this system may therefore be taken as presumptive evidence that the reactions involved are group-specific.
Group-specific reactions with chicken antisera
Approximately half of chicken antisera with neutralizing antibodies against either type A or type B ALV were shown to contain gs antibodies detectable by complement-fixation inhibition (Roth et al. 1971 ) . Two such antisera, with both type-specific and gs antibodies, are listed in Table I . The neutralizing antibodies were strictly type-specific and serum no. 1654 neutralized only type A virus, and serum 1233 only type B virus. The complementfixation inhibition titres of gs antibodies were I/8 and I]32 , respectively. The reactions of these antisera and cells infected with homologous viruses were identical to the reactions with strictly type-specific chicken antisera; strong surface reactions with unfixed cells and combined surface and cytoplasmic staining of fixed ceils. We illustrate here only reactions between antisera and cells infected with heterologous viruses (Fig. 6) .
In each case these antisera reacted with fixed, heterologously infected cells ( Fig. 6a and  6b ), although staining was perceptively less intense than in the corresponding homologous reaction. The distribution of antigen was as described above with chicken type-specific or hamster gs antisera. Thus, fixed cells infected with RAV-i and stained with the heterologous anti-ARC serum I233 showed both cytoplasmic and surface staining, and the large detached flakes of antigen characteristic of RAV-I infection (Fig. 6 a) . The reciprocal cross-reaction of anti-RAV-I serum with ARC virus showed antigen distribution typical of ARC virus (Fig. 6 b) . The virus specificity of these reactions was confirmed by absence of reaction on fixed uninfected cells exposed to the same sera ( Fig. 6c and 6d) . No reactions took place when the same antisera were applied to unfixed cells infected with heterologous virus (Fig. 6 e and 6f ). This demonstrated that the antigens stained by these antisera in fixed cultures ( Fig. 6a and 6 b) were internal virus components and confirms their nature as ALV gs antigen. A total of 46 chicken antisera with ALV type-specific neutralizing antibody titres of I/IOO or beyond were examined, and 3I contained gs antibodies by the immunohistochemical test.
These results differ from those of Kelloff & Vogt (1966) , who were unable to demonstrate ALV gs antibodies in immune chicken sera by immunofluorescence. We have also failed to detect ALV gs antibodies in chicken antisera with the fluorescent antibody method (unpublished) . This is striking evidence for the high sensitivity of the peroxidase antibody method.
DISCUSSION
The 'unlabelled antibody enzyme method of immunohistochemistry' presents a number of obvious advantages over other methods of immunohistochemistry. The procedures, although involved, are no more difficult or time consuming than conventional histological staining. The result is a permanent slide that can be examined without special or elaborate microscopic equipment and can be photographed by routine procedures. The specificity of this technique is of special significance. Nonspecific staining with fluorescein-labelled reagents is a serious problem that is only partly solved by empirical adsorption or chromatography. We have encountered similar problems with antibodies chemically coupled with peroxidase (Nakane & Pierce, 1967; Avrameas, I969) , or with ferritin (Singer & Schick, I96I) . In fact, any chemical procedure able to form covalent bonds between some label and an antibody, probably also produces internal covalent bonding or other chemical alterations within the immunoglobulin molecule. The best evidence that these changes cause nonspecifie staining is the observation that the least nonspecific staining is seen with fluorescent antibodies that have the fewest attached fluorescein molecules (Goldstein, Slizys & Chase, 1961) . The procedure devised by Sternberger et al. (I97o) and used in this paper evaded this problem because labelling was immunological; and chemical coupling was not involved. Our specificity problems were with antivirus sera, and these occur regardless of the labelling method.
In our experience with ALV, the PAP procedure is also superior to fluorescein-labelled antibody in intensity of staining and ease of observation. Furthermore, our results indicate that this method is more sensitive and gives better resolution.
It is clear that chickens which do not show direct evidence of ALV infection often harbour covert ALV whose presence may or may not be accompanied by partial expression of the virus genome in the form of ALV gs antigen (Dougherty & DiStefano, 1966; Dougherty, DiStefano & Roth, ~967; Payne & Chubb, 1968; Weiss, I969, Hanafusa, Miyamoto & Hanafusa, 197o; Hanafusa, Hanafusa & Miyamoto, I97o; Vogt & Friis, I971) . The supposed failure of chickens immunized with ALV to produce gs antibodies was attributed to immune tolerance induced by the endogenous gs antigen (Dougherty & Distefano, 1966 ) . Most chickens immunized with ALV make gs antibodies that can be detected by several independent immunological procedures, including immunodiffusion (Armstrong, I969), complement-fixation inhibition (Rabotti & Blackham, 197o; Roth et al. I970, the paired radioiodine-labelled antibody technique (¥ohn, Weber & McCammon, I97I) , and, as demonstrated above, immunohistochemistry.
Thus, the assertion that all or most animals are immunologically tolerant to their homotypic C type virus particle gs antigen (Huebner & Todaro, 1969; Huebner et aL 197o) is not applicable to the avian RNA tumour viruses.
